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Abstract 
There seems to be a common understanding that the Norwegian construction industry faces challenges concerning the presence 
of delays and defects in the handover process. However, little research has been found regarding countermeasures to avoid these 
problems. This paper forms a part of a research project on handover processes in Norwegian construction projects, initiated by 
the municipality of Trondheim. It is supposed to work as a pilot study for further research, and examines: 1) Consequences of 
delays and defects, 2) the causes of them and 3) potential countermeasures that can be implemented.  
The case studied was the expansion of a shopping centre in Norway, a complex project, both structurally and organisationally. In 
addition to a literature review and a documentation study, nine semi-structured in-depth interviews were conducted. All of the 
interviews were case-specific, with client, contractor and user representatives respectively.  
The consequences of delays and defects were severe and resulted in additional costs, lower quality on the final product and 
psychological strain for the involved actors. Short construction period, diffuse contractual relationships, lack of quality assurance 
and a high degree of alteration work are found to constitute the most crucial causes. On the basis of the observed challenges 
different countermeasures are suggested. Building commissioning, realistic project plans, control on deliveries and independent 
control are recommended as countermeasures. 
The findings indicate a great potential for improvement by keeping the control throughout the whole project. Further experiments 
are needed to substantiate the recommendations of this paper.  
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1. Introduction 
The construction of contemporary shopping centre projects is typically characterised by being unique and highly 
complex. The construction itself is challenging because of scale, technical complexity and stringent demands from 
the authorities. The picture becomes further complicated by there being several parties to the contract: The client, 
the contractor and tenants. Additionally, a great number of actors are involved in the process, some working for the 
contractor and others for the tenants. Lastly, the building is highly complex in use and the user group varies from 
employees to customers and operation and maintenance personnel. Together, this makes it challenging to organise, 
plan and execute such a project.  
This paper reports on experiences from the expansion of a shopping centre in Norway. This case was chosen 
mainly on the basis of the complexity the project represented. Three consecutive steps constitute the project: 1) A 
new construction containing shops (18 000 m2), 2) a new construction in the shape of a parking structure (20 000 
m2) and 3) a refurbishment of existing construction from a parking structure to a shopping area (6000 m2). The third 
step equally included a jointure of new and old building structures. The contract type was design-build and the 
existing part of the shopping centre was open during the construction period. The duration of the project was 2,5 
years. The different tenants (shops) took over their premises from four to six weeks before the grand opening.  
The findings of this study indicate that the handover process is a process where several problems appear, 
especially in the form of delays and defects. Used in this paper, the term handover process includes quality 
assurance, testing, commissioning, signing and the actual handover of the construction and its documentation. 
Even though the consequences of a failed handover process often prove severe, this seems to be a little 
scrutinised part in contemporary construction project research. The literature study initiating this study revealed in 
fact that handovers in general, and the handover of shopping centres in particular, seem to be surprisingly little 
analysed. The authors of this paper find this surprising. Much of the literature support the fact that delays and 
defects is a problem, but the research on causes and countermeasures seems insufficient. 
This paper reports on the handover of one specific case study and analyses the challenges involved in this 
process. Further, it identifies different countermeasures that can be implemented to improve the handover process.  
The analysis is structured according to the following research questions: 
 
1. What are the consequences of delays and defects? 
2. What are the causes of delays and defects? 
3. What countermeasures can be implemented to improve the handover? 
2. Theoretical Framework 
The standard “NS 8407.E:2011 General conditions of contract for design and build contracts” regulates design 
and build contracts in Norway. NS 8407 governs contractual relations where one of the parties (the design and build 
contractor) is responsible for all, or substantial parts, of the design and execution of the construction (Standard 
Norge, 2011). The risk and responsibility for the design and execution of the construction is transferred from the 
client to the contractor (Lædre, 2009). This includes coordination of subcontractors and progress planning. An 
essential document in the context of design and build contracts is the client’s project requirements. The client is 
responsible for preparations of the requirements, while the contractor must deliver the construction in accordance 
with these requirements and the design-build contract. Typically, the requirement document contains the client’s 
paramount requirements, together with a space- and functional program (Xia et al., 2011; DIFI, 2014). The 
contractor is free to decide the types of material, handiwork and technical solutions as long as they are in accordance 
with the contract and the requirements. The client is entitled to carry out inspections to ensure that the work is in 
compliance with the contract.  
Chapter 37 from “NS 8407.E:2011 General conditions of contract for design and build contracts” standardises the 
practice regarding handovers of design and build contracts. This standard forms the basis of the majority of 
Norwegian construction projects. According to chapter 37, both the contractor and the client are obliged to attend 
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the handover. As a main rule, the entire contract work must be handed over to the client. As a crucial part of the 
handover, the standard recommends a careful inspection of the contract works. The further elements of the text 
contain procedural components such as the characteristics of the handover record, the right of the client to refuse 
handover and the effects of taking over the construction. The latter imply that the risk of damage is transferred from 
the contractor to the client and that the client becomes entitled to use the building. When the client takes the 
construction in use, it is considered taken over (Standard Norge, 2011).  
The terms “commissioning” and “building commissioning” are typically used in connection with handover. 
According to Burnett (2008) the term building commissioning denotes everything from testing and control of 
technical installations to an overall quality assurance process parallel to the ordinary construction process. The 
California Commissioning Collaborative (2006), Grondzik (2009) and Ágústsson & Jensen (2012) all define 
building commissioning as a procedure for systematic quality assurance of construction projects and a way to 
prepare the project for handover in the best possible way. It thus seems that building commissioning is not a phase 
or an additional quality assurance process, but a procedure running parallel to the existing construction process, 
from pre-design to handover. An illustration can be seen in Figure 1. In the following, this is the understanding we 
use. 
The existing Norwegian standards do not reflect the perspective on building commissioning as a systematic 
quality assurance process. The only paragraph concerning commissioning in NS 8407.E:2011 addresses 
commissioning in a testing and control perspective. However, Standards Norway is presently working on a new 
standard regarding commissioning on technical installations (Standard Norge, 2015). The suggested new standard 
defines commissioning as a test and control regime and describes the stages towards a functional building, from pre-
design to occupancy. It provides guidelines concerning how and when the commissioning should be carried out, 
framework conditions, the process itself, and input/output data. 
The intention of building commissioning is to systematically prepare the handover of the building and improve 
its performance by making the technical systems work together. Typically, a commissioning coordinator is hired to 
lead the process (GSA Public Buildings Service, 2005). The purpose of the procedure is to ensure that the building, 
included its technical systems, is executed to meet the expectations and requirements of the owner (California 
Commissioning Collaborative, 2006). To achieve all the advantages offered by using commissioning, it should be a 
priority already in the pre-design phase, when the client sets the requirements of the project. To attain successful 
outcomes to commissioning, Burnett (2008) emphasises the importance of the client’s commitment. The main 
responsibility of the client is to clearly communicate the desired outcome of the project.  
The cost of commissioning varies from project to project, as every building is unique and the scope of 
commissioning is of vital importance for the costs. Even though a total building commissioning from pre-design to 
occupancy is expensive, the potential advantages throughout the lifespan of the building are huge (Burnett, 2008). 
The following constitute the most significant benefits of commissioning (GSA Public Buildings Service, 2005; 
California Commissioning Collaborative, 2006): Construction cost savings, improved coordination between design, 
construction, and occupancy, fewer system deficiencies and improved function of the systems, energy savings, 
improved indoor environmental quality, improved client and user satisfaction, improved operation and maintenance 
and increased safety. 
The advantages of building commissioning cited above appear not reflected in the current Norwegian standards. 
2.1. Delays and defects 
                                                                                                                                                                                               
Increasingly complex buildings increase the possibility of making mistakes. Standard Norge (2006) defines the term 
quality as the “degree to which a set of inherent characteristics fulfils requirements” (p. 15), where requirements are 
the “need or expectation that is stated, generally implied or obligatory” (p. 15) and characteristics are the 
“distinguishing feature” (p. 22). A “defect” implies that contract works, or parts of the contract work, do not fulfil its 
requirements (Standard Norge, 2011). This also includes damages arising after the handover, but that are obvious 
and predictable results of the original defects. A “delay” signifies when a task is not finished within the handover 
date. 
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According to Ingvaldsen (2008), 2-6 % of the net production value is typically used to improve process related 
defects, that is, defects discovered by the client or the users in the aftermath of the handover of the building. 
Josephson (1994) states that such defects can exceed 10 % of the production costs. This includes defects discovered 
during and after the handover. A survey concerning quality and quality assurance conducted by Norges bygg- og 
eiendomsforening NBEF [Norwegian Building and Property Association] (2014) concluded that the areas with 
particular problems were the technical systems (HVAC), energy efficiency and moisture related challenges.  
According to Josephson & Hammarlund (1999), most of the defects occurring during production originate from 
production itself. As much as 50 % of the defect costs can be related to what they term (lack of) human engagement. 
In this context, human engagement is a collective term for motivation, expectations and commitment, but where few 
of these defects are intentional (Josephson, 2013). Knowledge, experience and skills are necessary to avoid actions 
that cause defects and crucial to discover the roots and avoid the problems. 
3. Research methodology 
The research was carried out by using one specific case. The case study was conducted according to the 
principles of Yin (2014). According to Flyvbjerg (2006, p. 228) “one can often generalise on the basis of a single 
case, and the case study may be central to scientific development via generalisation as supplement or alternative to 
other methods”. The case was chosen due to the complexity the project represented and because the first author had 
first-hand experience with the project from a summer internship.  
As part of the case study, the research was carried out by a literature review and a document study. The literature 
review was conducted according to the guidelines recommended by Blumberg et al. (2014). The retrieved literature 
from the review concerns the building process, its different phases and involved actors. In addition, literature on 
legislation, challenges, consequences, causes and potential countermeasures was investigated. A majority of the 
literature regarding commissioning had a very technical approach to the topic and was thus not considered as 
relevant as the literature considering commissioning as an overall quality assurance process running parallel to the 
ordinary construction process. The documentation studied mainly included the contract of the case and documents 
regarding the contractor’s approach to the Last Planner System®. These documents were chosen due to the need for 
understanding the basis of the project and the contractor’s routines and systems for progress planning. 
The research was conducted according to a qualitative approach, which gives the opportunity to view phenomena 
holistically (Creswell, 2013). Nine semi-structured interviews with key actors from the selected construction project 
were conducted. Contractor, client, hired project managers and users were among the informants in order to provide 
an overall picture. The questions were based on the research questions and the same structure was used in all the 
interviews. The interview guide can be found in Firing (2015), however only in Norwegian. A semi-structured 
approach was chosen to give the informants an opportunity to elaborate their answers and to ask follow-up questions 
when necessary. Most of the interviews were registered on tape and later transcribed. In the cases were an informant 
was not comfortable with recording of the interview, written notes were kept. The transcriptions/reports were sent to 
the informants for approval. The subjective nature of the interview findings has called for a critical view on 
suggested causes and countermeasures.  
4. Findings and discussion 
In this section we address and discuss the challenges observed in the case study and suggest some potential 
countermeasures. The latter is partly based on the findings from the interviews and partly on the findings from the 
literature and reflections by the authors. Being a pilot study, the findings presented in this paper are not valid for the 
entire industry, but they clearly indicate that this is a major point of contagion. 
The majority of the informants agreed that the percentage of completion at the date of handover was too low. The 
most severe delays and defects in the case study concerned the technical systems. This coincides with the findings 
from the reviewed literature. For instance, on the handover date the fire alarm installations, more specifically the 
voice alarm, did not work. To handle this problem, the contractor had to use own staff and hire security guards to act 
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as a temporary voice alarm. This lasted for several days and resulted in a huge cost for the temporary solution as 
well as dispute between the contractor and the client regarding responsibility. 
According to several of the informants the construction site was characterised by chaos and people working 
everywhere the weeks and days prior to the handover. The tenants experienced delays in the delivery of their 
premises, e.g. cladding glass and rolling grilles were not installed as agreed. The described situation made it easy for 
dishonest operators to exploit this to their own advantage; in the final phase there were incidents that included both 
thefts of goods and equipment, as well as threats to the contractor’s employees.  
4.1. Consequences, causes and countermeasures 
The majority of the informants answered that the most severe consequence of a high extent of defects and delays 
was the unsatisfying quality level. This has both an economically as well as a functional and esthetical aspect. The 
building was not functional in an optimal manner from the start and the ideal level is difficult to reach when it is 
already in use. Lower quality and thus lower value on finished building may be the final consequence of this 
problem. Findings in the literature suggest that use of commissioning gives advantages in the shape of energy 
savings and fewer systems deficiencies. On this basis it is reasonable to assume that the client will be the losing part 
in the long run with increased operation and maintenance costs in the future.  
Another severe consequence is that the client felt forced to take over a building that, in his opinion, was not 
finished. Prior to the handover the client was worried concerning the progress and informed the contractor. The 
response was that everything was under control. Eventually the project passed the “point of no return”: There were 
advertisements about the opening of the shopping centre in the newspaper, on the radio, etc. The client had no 
choice but opening the centre, even though the quality level was not considered to be satisfactory by the client. 
According to the standard the client has a right to refuse handover, but the contractor knows very well that when the 
client starts using the building it is considered taken over. This is a severe consequence in all construction projects 
having a final and immovable handover date, e.g. schools, shopping centres and hotels.  
According to the informants, more resources were necessary to remedy the lag. The result was additional costs 
for several of the involved actors. The contractor had to hire more workers and use money on necessary overtime. 
Tenants with contractors from out of town had to buy new traveling tickets and accommodation for their workers. 
As mentioned above, a probable and severe consequence of delays and defects is higher operations and maintenance 
costs in the future than would have been the case if the building was complete at the time of handover. Findings in 
literature indicate that defects discovered in the aftermath of the handover lead to additional costs for the client 
because they have to be rectified. In addition to increased costs, it is reasonable to assume that more workers may 
lead to more chaos and thus increased danger for new delays and defects. 
The findings imply that unfinished work can result in discussions and disputes regarding responsibility. As 
described above, the client said that the he was in doubt if he wanted to take over the building in the first handover 
because the result, in his eyes, was unsatisfying. Such a serious conflict in the first part of the project may have 
resulted in a client more stressed and distrustful than he would have been if the first handover went well. One of the 
informants explained that with such a challenging process, no matter what the contractor does, the client will never 
become fully satisfied with the final product. A possible and severe outcome for the contractor can be a bad 
reputation in the business and that he may not be considered if client is planning a new construction in the future. 
The contractor emphasised the psychological aspect as a significant consequence of a challenging handover. As 
a result of time pressure, unforeseen incidents, alteration work and an unsuccessful first handover, members of the 
staff were driven to the breaking point. The conclusion of the first construction step was the beginning of the next. 
Members of the staff needed to have a 100 % overview on two highly critical phases at the same time, this probably 
made it easy to lose track of the important tasks. Staff that should have had all their attention on the preparations of 
the handover simultaneously prepared the kick-off of the next construction step. According to the literature, as much 
as 50 % of the defect costs can be related to lack of human engagement, but not intentioned. In other words the 
result of high psychological pressure may be even more defects.  
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When asked about the most crucial contribution to delays and defects, the informants answered short 
construction period and little time available as the main cause. The project was “in a hurry” from day one and 
several small incidents aggregated to become serious delays. If the carpenter becomes delayed, so does the plumber 
and electrician. The outcome was chaotic, with many different actors involved, and people working everywhere. 
When work is carried out everywhere, it is easy to lose progress control. 
Unexpected structural problems, as an exceptionally challenging ceiling, damaged walls because of humidity 
and poorly executed concrete work also affected the progress negatively. As described above, delays in one special 
field affects the others. Materials behaving unsatisfying can be challenging to foresee and hard to avoid, but there is 
a great potential for learning and to use the knowledge in new projects. It goes without saying that it is almost 
impossible to improve poorly executed concrete when a building is almost finished. Such work needs to be done 
immediately, and thus the contractor should accomplish a quality assurance straight after execution of the works.   
According to the standard, the contractor is responsible for the coordination of the subcontractors. The contractor 
experienced the collaboration with some of them as demanding at some stages in the process, especially in the final 
phases. The information regarding the subcontractors’ progress was experienced as being directly false. Some gave 
an impression of full control, while the truth was the opposite. This may be a sign of what the literature denotes as 
lack of motivation and commitment. In a construction project, the contractor is dependent on the various 
subcontractors feeling commitment and helping to optimise the overall project. 
Together with a short construction time, a high extent of alteration work caused additional time pressure. In the 
end, alteration work surpassed 25 % of the original value of the contract. Despite this fact, the construction period 
remained the same. The findings indicate that some of the alteration work could be explained by tenants being 
signed late and thus moving into the centre at a late stage. Such complications are mainly due to market 
fluctuations, which may be difficult for the project organisation to influence. Tenants signed late are entitled to the 
same tenant process as those signed early, and this may “steal” important resources from the project organisation in 
a challenging phase. The contractor stated the rest probably could be traced back to an unsatisfying process 
regarding the development of the client’s requirements as well as late decisions from the client. This emphasises 
the findings from the literature about the importance of precise and well-formulated client’s requirements as a basis 
for the tender competition. Client engagement and the client’s responsibility to clearly communicate the desired 
outcome can be crucial to project success. 
Both the client and contractor respondents agreed that the outcome of the causes above was an unsatisfying 
quality assurance process. On-site inspections with representatives from both the client and the contractor prior to 
the handover lacked. As a result, delays and defects that could have been discovered earlier were detected during the 
very last inspections. The experience was the same with testing and control of technical installations. The time 
allocated to conduct such inspections was insufficient to the need and thus the systems were infested with defects at 
the time of handover. The fact that mechanical installation lasted until the handover date, did not contribute to a 
satisfying quality assurance process. To be able to carry out a satisfying quality assurance and testing, the 
installations need to be finished on time, preferably some weeks/months prior to the handover.  
Another cause was diffuse contractual relationships. There were several contractual relationship and lack of 
consistency between them. There was one main contract between the contractor and the client, regulated by the 
previous version of NS 8407.E:2011. At the same time, both the client and the contractor had their own contracts 
with each and every of the tenants. The problems occurred when there was lack of consistency between the contracts 
the client had with the tenants and the contracts the contractor had with the tenants. The contractor experienced 
higher expectations from the tenants than what was agreed in the contract, and the tenants experienced not to receive 
the product they were entitled to according to the contract with the client. The result was a lack of agreement upon 
quality in the handover process. If these contractual relationships were more distinct, this problem could most 
probably have been avoided.  
The described incidents originate from all parts of the construction process and could probably have been 
avoided with already existing countermeasures and emphasis on handover from day one. Procedures and rules 
already exist, but are not being followed.  
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To make sure the products meet the client’s expectations, both the findings and the reviewed literature suggest 
building commissioning as a countermeasure. According to the literature, building commissioning is a proper 
measure to prepare the building for handover, make sure it meets the requirement of the client and increase the 
quality of the final product. A professional commissioning coordinator can be hired to lead the process, but the use 
of building commissioning places demands on both the client and contractor throughout the whole project.  
In the pre-design phase, the client and the contractor must cooperate to develop realistic project plans, including 
preparation of contracts and client’s requirements. As this was a shopping centre, there were several contracting 
parties. To avoid misunderstandings and conflicts, it is decisive to ensure consistency between the different 
contracts. The contracts should state responsibility and what the client is entitled to, as well as milestones and what 
is expected to be delivered at each milestone. A professional preparation of the client’s requirements may contribute 
to decrease the amount of supplementary and alteration work during the execution period. The findings further 
indicate that the construction period should be considered carefully. In this case, the construction period seems to 
have been too short and this resulted in a challenging execution phase. Several small delays accumulate fast and the 
findings from the case study indicate a need for an extended construction period, especially when the extent of 
alteration work increases.  
The majority of the informants accentuate control on deliveries as a premise for a successful handover, 
especially when the construction period is short. Progress planning, quality assurance and client’s commitment are 
countermeasures contributing to better control. It is particularly important that the design build contractor involves 
the subcontractors in the progress planning to give a sense of obligation and commitment and simultaneously checks 
up on them frequently. To avoid work everywhere in the building at the same time, the findings also suggest that the 
progress plan should be seen in connection with a distinct production strategy. What to produce. Who, where and 
when. With so many actors involved, the findings emphasise the importance of thinking about logistics when 
making a production strategy, in other words begin the works in one end and work one’s way through the 
construction. The findings further suggest that the contractor should conduct quality assurance inspections 
continuously to discover and improve defects and delays as early as possible. Control on deliveries also makes 
demands on the client, who should commit to the decisions and requirements made in the pre-design phase.  
Both the literature and the findings suggest the use of independent control as a countermeasure to ensure the 
product meets the expectations. The inspections should be conducted by a professional third-party and emphasise on 
the integration of technical systems as this was found to be the most severe problem in the case study. This 
presupposes a well-functioning project organisation, unless it will only be a contribution to more chaos. 
5. Conclusion 
Table 1 presents a summary of identified causes, consequences and potential countermeasures.  
   Table 1 Challenges in the handover and countermeasures to avoid them. The parenthesises denotes responsibility of the countermeasures.   
Delays and defects 
Consequences Causes Potential countermeasures 
x Unsatisfying quality level  
x The client felt forced to 
take over 
x Additional costs  
x Disputes and distrust 
x Psychological aspect 
x A short construction period 
x Unexpected structural challenges 
x Challenging collaboration with sub-
contractors 
x High degree of alteration work – same 
construction period 
o Late signing of tenants 
o Market fluctuations 
o Client’s requirements 
x Lack of quality assurance and testing  
x Diffuse contractual relationships 
x Use of building commissioning (client and 
contractor) 
x Realistic project plans (client and contractor) 
o Contracts (client) 
o Client’s requirements (client) 
o Construction period (client and 
contractor) 
x Control on deliveries (client and contractor) 
o Progress planning (contractor) 
o Quality assurance (contractor) 
o Client’s commitment (client) 
x Independent control (third-party) 
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Our main conclusion is that to avoid delays and defects, and further, severe consequences, the project must avert 
chaos in the last period before the handover. Based on the findings from the case study, there are multiple causes 
leading to defects and delays, the majority of them occur prior to the handover. They can act in chain or in 
combination with each other. In most cases, the consequences are severe for all involved actors. The findings 
indicate that countermeasures that can be used in the preparation for the handover already exist, but the potential is 
not fully exploited. In this paper, building commissioning is suggested as a countermeasure. A commissioning 
coordinator can lead the process, but the contractual parties are obligated to deliver throughout the whole project. 
The client and the contractor have a shared responsibility to make realistic plans from the inception of the project. 
This makes the potential for control throughout the project greater. Furthermore, the contractor is committed to 
execute and control that the deliveries are in accordance with the agreed time and quality. This includes progress 
planning and a systematic quality assurance process. Simultaneously, the client must commit to his own early 
decisions to avoid supplementary and alteration work. Lastly, the findings suggest independent control as a relevant 
countermeasure to assure the works are in accordance with the client’s requirements.  
The findings indicate a great potential for improvement by keeping the control throughout the whole project. The 
outcome may be increased quality on the final project and money saved for both the client and the contractor. 
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